Introduction
Cavitation on a given body takes many forms depending on the extent and intensity of cavitation characterized by the cavitation number, , defined as
where P ϱ is the free stream or ambient static pressure, P c is the cavity pressure, V is the flow velocity, and is the liquid density. As becomes very low ͑ Ӷ 0.1͒, the flow enters the supercavitation regime when the length of the continuous large cavity becomes greater than the body length ͓1-3͔. In order to achieve a small such that the supercavitation can be maintained, either a high free stream velocity or a small pressure difference P ϱ -P c , or a combination of both is needed. The small pressure difference can be obtained by either decreasing the ambient pressure, P ϱ or increasing the cavity pressure, P c , through cavity ventilation. Supercavitation with cavity ventilation is usually referred to as artificial or ventilated supercavitation compared to natural supercavitation in the absence of cavity ventilation ͓2,3͔. Application of ventilation has simplified some research and expanded the application fields ͓2͔. Gravitational effects may become important for artificial supercavitation, these effects are characterized by the Froude number, F r ͓1͔, which is defined as
where g is the gravitational acceleration and l is the characteristic length of the cavity. Supercavitation has become a hot topic due to its potential to significantly enhance the speed of undersea weapons, projectiles, and vehicles by enabling them to travel inside a vaporous or gas fed cavity through significant reduction of viscous drag ͓4͔. Several recent supercavitating body experiments and numerical simulations have improved our understanding of the physics of the phenomena ͓5,6͔. Tests conducted on underwater high speed projectiles and self-propelled bodies have been able to characterize the cavity overall shape and behavior, and compared favorably with proper numerical simulations ͓7͔. However, for underwater supercavitating projectiles, the measurements of the propagation of shock waves through the cavity showed significant differences from those obtained with tests preformed in an equivalent idealized static cavity. It was hypothesized that these differences are due to the contents of the cavity being different in the real situation from the idealized laboratory simulation.
This study aims at addressing this issue and at characterizing the contents of the cavity in a controlled laboratory setting. The investigations included visualization of the cavity, measurement of two properties of its acoustics: the speed of sound and the attenuation of an imposed perturbation, and measurement of some physical properties of the cavity contents. Such an investigation intends to contribute to enhancing our understanding of the physics of supercavitation.
Experimental Facility and Setup
The three dimensionality of a supercavity behind the projectile and the presence of a perturbed nonsmooth water/cavity interface renders the cavity opaque and makes it very difficult to have direct optical observations of the inside of the cavity and to conduct nonintrusive measurements of the physical properties of the cavity. In addition, generation of a natural supercavity requires a very low cavitation number, which requires either a very high velocity liquid flow or a very low ambient pressure in the test section.
To tackle these two challenges we adopted a test section design with a venturi-like profile sandwiched between two parallel transparent sidewalls to obtain a very low pressure in the test section without requiring reduction of the pressure everywhere in the test facility and to generate a cavity which is a slice through of the three-dimensional cavity ͑Fig. 1͒. This simplification of flow field is acceptable as long as the concerned cavities are such that velocities perpendicular to the flow direction are negligible and curvature effects have a negligible effect on the cavity characteristics.
This simple design enabled us to construct a supercavitatingprojectile facility that met the design requirements and that was able to use an existing 24.4 m ͑80 ft͒ wave tank as a very large water reservoir, where accumulation of air from the generated supercavity was not an issue. Through this facility we could also achieve very low ambient pressures over the cavity while keeping the outlet of the test section open directly to the atmosphere, which offers a major setup simplification. Since our objective is to quantify the cavity content and not the cavity shape and dynamics, effects neglected with this approximation are of little impact on the results of the study. Figure 1 shows sketches of two setups considered: in the first one, Fig. 1͑a͒ , curvature effects are included, while they are neglected in Fig. 1͑b͒ . Figure 2 shows a sketch of the experimental setup. The flow is driven by an 11 kW ͑15 hp͒ Goulds pump model 3656, capable of 34.7 L / s ͑550 gpm͒ at a head of 172.4 kPa ͑25 PSI͒. The test section is made of acrylic and has multiple mounting locations to mount the projectile head in order to generate the desired supercavity. Since air ventilation has a large effect on the cavity characteristics, two air ports were machined in the test section, through which air can be injected into the cavity in order to generate a ventilated cavity. The flow rate of the air into the cavity is regulated by a set of valves. To facilitate the measurements inside the cavity, a series of measurement ports were arranged along the top and bottom sides of the test section, through which probes and sensors can be mounted.
A simplified sketch of the test section with dimensions ͑unit in cm͒ is shown in Fig. 3 . The various mounting port positions are also shown in the figure. The projectile is mounted at port M. Air injection for ventilating the cavity is made possible through the two air injection ports A 1 and A 2 . Devices for instrumentation can be mounted through the instrumentation mounting ports, S 1 -S 4 .
To write conservation equations at any point in the test loop of vertical position, h, we define Q as the liquid flow rate, and A as the considered section area. We also use subscripts p, b, and a to refer to the location of the pump, the projectile head, and the area open to the atmosphere, respectively Q = VA ͑3͒
and
where P loss is the unrecoverable pressure head loss due to viscous effects over the path from the pump to the given point in consideration. The test section comprises a constant pressure section in which the super cavity is formed. The cavity length, L c , is related with the cavitation number and projectile diameter by the following approximate expression ͓8͔:
where b is the projectile diameter and C D is the shape drag coefficient.
Behind the constant pressure section, the test section expands to allow a pressure rise from the very low pressure around the cavity to the atmospheric pressure. This is achieved through an expansion angle as large as possible without inducing flow separation. This is obtained by limiting the expansion angle to 7 deg. An additional constraint that we imposed was to minimize the overall length of the facility.
3 Flow Visualizations 3.1 Cavitation Number Effects. As the ambient pressure around the projectile head decreases with increasing flow rate, the flow evolves from a noncavitating flow to a cavitating flow then to a supercavitating flow. Flow visualization of the supercavity was achieved by high resolution digital photography as well as by high speed photography. The evolution of the cavitating flow from lim- Figure  4͑a͒ shows for ϳ 0.13 and a relatively low flow rate ͑Q = 15.8 L / s ͑250 gpm͒, V =8 m/s͒ flow separation behind the projectile head and the resulting formation of shed cavitating vortices. Bubbles generated from the cavitation on the projectile head can be seen both as bubbles convect downstream and as bubbles "captured" in the separation area behind the projectile head. Figure 4͑b͒ shows such a condition, for ϳ 0.07 ͑Q = 22.1 L / s ͑350 gpm͒, V Ӎ 11 m/s͒. As seen in the picture, the bubbles generated from the intensified cavitation become so dense that the flow becomes a bubbly flow downstream of the projectile head and the shed vortices become more difficult to identify. The separated area becomes more and more filled with cavities with increasing flow rate; the cavities finally coalesce and form large cavity pockets. With further decrease in the cavitation number, ϳ 0.02 ͑Q ϳ 34.7 L / s ͑550 gpm͒, V Ӎ 18 m/s͒, a single cavity is formed and the flow becomes supercavitating as shown in Fig. 4͑c͒ . Once the cavity is formed, the cavity pressure remains very close to the vapor pressure in the range of 4000 Paand varies very little with further velocity increase.
3.2 Projectile Shape. The shape of the leading edge of the simulated projectile head affects the characteristics of the supercavity. Figure 5 illustrates the difference between the cavity interfaces when the leading edge is sharp versus an angled tip. The projectile heads in Figs. 5͑a͒ and 5͑b͒ are the same except they were mounted with opposite orientation. Although separation is initiated at the sharp edge of the projectile head in both cases, the disturbance of the cavity interface at the test section side wall is much less for a cavity formed from the projectile head without a transition slope ͑Fig. 5͑a͒͒ compared to that of the cavity formed from the projectile with a transition slope ͑Fig. 5͑b͒͒. The difference could be attributed to the fact that the shear layer between the cavity and the liquid is thinner and there is not much boundary layer development prior to the shear layer separation point in the case shown in Fig. 5͑a͒ , while a boundary layer develops on the projectile head and feeds the shear layer prior to separation in the case of Fig. 5͑b͒ . In this later case the shear layer is thicker and stronger entrainment of a two phase medium is seen at the interface.
Secondary Effects.
Because the simulated projectile head is sandwiched between the two parallel sidewalls, the shape of the leading edge of the projectile that contacts the wall has a strong secondary effect on the flow pattern outside of the cavity. As shown in Fig. 5͑a͒ , there exists a strong horseshoe vortex above the supercavity if the leading edge of the projectile head contacting the wall is a 2D flat front face. As pointed out in Ref. ͓9͔, this strong horseshoe vortex around the 2D flat leading edge can be reduced or eliminated by adding a curved leading-edge section to the simulated projectile head shape, with either a filleted or an undercut shape, Fig. 6 shows a top view of different types of projectile leading edges that we have tested. The experimental results shown in Fig. 4 were conducted using a projectile head with a filleted leading-edge shape from which we can clearly see that the horseshoe vortex around the supercavity is greatly weakened, does not cavitate and thus is not apparent in the picture. However, in order to produce a clearer cavity for better insidecavity observation and measurement, a simulated projectile head configuration as shown in Fig. 5͑a͒ was used for most of the experiments reported here such that the disturbances at the intersection between the cavity interface and the side walls of the test section were minimal, even though the secondary vortex was present outside of the cavity.
Reentrant Jet.
The range of values of that we were able to achieve while keeping the supercavity within the test section was 0.13ജ ജ 0.02. In this range, the supercavity had an Fig. 4͑c͒ . The frequency of recurrence of the reentrant jet varied with the flow rate, the projectile head shape, and the degree of ventilation. Previous studies have shown that there is a critical Froude number F rc , below which the reentrant jet disappears, F r Ͻ F rc ͓10͔. Brennen's study gives a value of F rc ϳ 2.5 ͓11͔. In the present experiments the Froude number was between 4 and 8, i.e., in the range where a reentrant jet always existed. The frequency of recurrence, however, was relatively low, and a calm and clean supercavity free from the reentrant jet disturbances could be observed for a relatively long time for adequate measurements ͑a couple of seconds͒ between reoccurrences of successive reentrant jets. Figure 7͑a͒ shows a ventilated cavity with air injection towards upstream from an air injection port which is about 1.3 cm ͑0.5 in.͒ downstream from the projectile head, while Fig. 7͑b͒ shows a ventilated cavity with air injection directed downstream from an air injection port which is about 16.5 cm ͑6.5 in.͒ away from the projectile head. Air injection raises the pressure in the cavity to the air injection pressure as expected. In our tests, the injector was bent to be parallel to the liquid flow to avoid direct jet impact on the cavity wall. However, even a very small air injection flow rate ͑P air of 300 Pa͒ destroyed cavity stability and resulted in a very disturbed ventilated cavity as shown in Fig. 7 . This is mainly due to the interaction of the air jet with the walls of the cavity. Probably, a careful design and extensive testing would result in conditions which avoid such an interaction, but such an effort was not pursued during this study.
Ventilation.
3.6 Gravity Effects. All cavities shown above were obtained from experiments with the simulated projectile head mounted at the bottom of the test section, i.e., only half a cavity is produced with the flow occurring only above the top interface of the cavity which expands and then curves down from the maximum position to the closure. In such a configuration, a perfect symmetry is assumed between the top and the bottom part of the cavity. To study the effect of gravity and the imposed symmetry on the characteristics of the supercavities, experiments were also conducted with the 1 / 2 projectile head mounted at the top of the test section and a full projectile head mounted in the middle of the test section.
When the projectile head was mounted at the top of the test section, only the bottom interface of the cavity was simulated.
Compared to the case where the supercavity is formed from the same projectile head mounted at the bottom of the test section, at the same flow rate, the supercavity formed at the top of the test section expands to a further downstream location before it curves up and closes. The observed cavity is then longer. Fig. 8͑a͒ shows an example of such a cavity again with a strong reentrant jet. As the flow rate increases, the cavity formed at the top of the test section elongates further and further and finally reaches the exit section connected to the atmosphere. The test section cannot then accommodate further growth of the cavity, and the cavity can no longer close; instead the supercavity flow transforms into a free surface flow behind the projectile. Figure 8͑b͒ shows an example of such a cavity that is open to the atmosphere. When the projectile head is mounted in the middle of the test section, the flow can develop both above the top interface and below the bottom interface of the cavity and the cavity shape is affected by the effect of gravity. Figure 9 shows a supercavity formed from a 1.3 cm ͑0.5 in.͒ projectile head mounted in the middle of the test section, the cavity exhibits a nearly symmetric shape that tilts a little downward due to gravity. At the maximum flow rate that the pump can achieve, an end closed supercavity with reentrant jet is always maintained. However, the upstream distance that the jet can reach is reduced when a full projectile is used as the reentrant jet is no longer exactly symmetric and curves downward and hits the lower cavity wall before reaching the projectile head. Sound speed and attenuation in the cavity fluid medium are direct indicators of the nature of the multiphase mixture in the supercavity. They can be used as indirect measurements of the properties of the medium. Technology developed for the ABS Acoustic Bubble Spectrometer ® ͓12-15͔ was adapted to measure the acoustic properties of the cavity medium. Sound speed and attenuation measurements were conducted using a spark generator that is used for generating explosion-like bubbles ͓15͔ and a 1 in. square ABS hydrophone. The spark generator utilizes coaxial electrodes with the spark gap between the inner and the outer electrode filled with an insulating layer. A spark is generated by the very fast discharge of a high-voltage ͑up to 16,000 V͒ between the two electrodes ͓15͔. The spark generator electrodes and the hydrophone were mounted at Port S 2 and S 1 , respectively, as shown in Fig. 3 ͑also refer to Figs. 1 and 10͒.
Initially a second transducer was used, as in the ABS technique, as a sound signal generator, but the intensity turned out to be relatively weak and gave bad signal to noise ratios. In addition, use of two transducers required very small transducers or a very large supercavity to avoid interaction with the cavity walls. Compared to using another hydrophone as a projector, the spark generator provides a much stronger signal for time of flight measurements. The sensor element of the hydrophone used is made of piezoelectric material and has an operating frequency range from 20 to 250 kHz. Figure 10 shows a sketch of the setup for direct sound speed and attenuation measurements inside of a supercavity. The hydrophone was located right behind the projectile where the supercavity initiated which ensured that it did not interact with the cavity and the spark electrodes were located downstream inside the supercavity and did not interfere with it. In most measurements, the distance between the electrodes and the transducer was 21 cm. A similar setup was also used for measurements in the side sampling cell and the vapor cell described later below. The data acquisition was handled by a digital oscilloscope, Gould 1604, which has a sampling rate of 20 MS/ s and was connected to a personal computer through a general purpose interface bus board for data export. A Krohn-Hite 3103A filter was used between the hydrophone and the oscilloscope to filter out the low frequency electric noises below 1 kHz. An optical sensor located outside the cell and facing the spark was used to detect spark initiation and to trigger the data acquisition system when the spark was fired.
The hydrophone is used to detect the acoustic signal generated by the spark. The hydrophone and the spark generator are separated by a known distance, L. The spark generates an acoustic impulse very rich in high frequencies, which travels upwards and is detected by the transducer after a time of flight given by ⌬t, the sound speed can therefore be calculated from
⌬t measures actually the time of arrival of the direct path from the electrodes to the hydrophone. This is followed by the arrival of other signals reflected by the facility side walls, from the supercavity, and from any other resonance of the air volume. Therefore, these are irrelevant for our problem here, where we are only interested in the direct path to measure c. This is illustrated in Fig.  11 , which shows a typical signal received by the hydrophone. The signal strength is excellent and well above the noise level, and the arrival of the acoustic signal at the hydrophone can be unmistakably measured. Concerning the time of sparking, we initially thought that we could detect it through the electric noise generated in line at sparking, however, this signal turned out to not being well distinct under all conditions. For this reason, an optical sensor was used, which sensed the light generated at sparking and sent the signal to the data acquisition system to provide a synchronization of the timing of the event. This optically generated signal is also shown in Fig. 11 , where one can clearly see distinct correspondence between the sharp optical signal and the weaker electric signal detected by the hydrophone at the time of sparking. The measurement of the time of flight was therefore quite accurate with signal to noise ratio being very high. After the distinct acoustic signal arrival, the hydrophone signal has some oscillations with decaying amplitude which are due to reflections, cavity oscillations, and transducer ringing. We did not consider this latter part of the signal for the present study. In addition to the time of flight measurement, the amplitude of the received acoustic signal when compared to that measured in air under ambient conditions, provides the relative signal attenuation. In all test conditions, the spark was fired when the charge of the spark generator reaches 11,000 kV to maintain a consistent acoustic source for accurate attenuation measurements and all measurement were conducted under very similar room temperature of 25°C.
To check the accuracy of the method, repeated tests were conducted in the dry test section ͑i.e., in air͒. The measured average sound speed was 347.5 m / s with a scatter lower than 0.8%. However, the measurement of the signal amplitude had much larger variations up to 18%.
For comparison purposes, sound speed measurements were conducted in the test section with and without the presence of a The sound speed was between 480 and 500 m / s when the measurements were conducted in a calm and clean cavity ͑labeled "in cavity"͒. However, when the measurement was conducted under conditions where occurrence of the reentrant jet was affecting the measurement ͑i.e., presence of water droplets in the cavity͒, the sound speed was significantly higher and varied in a wide range. In presence of the reentrant jet, the cavity content is a mixture of vapor and water. It is known that in a homogeneous mixture of gas and liquid, the sound speed could be much smaller than that of either of two constituents ͓10͔. However our experiments consistently showed that the sound speed measurements taken between occurrences of two reentrant jets were much higher, and of the order of 750 m / s ͑labeled "reentrant jet"͒. Figure 12 also contains a data point where the measurement was conducted in a cavity which was formed from a projectile head mounted on the top of the test section and after the cavity vented to the ambient atmosphere ͑labeled "open to air"͒. As expected, the sound speed measured was about 360 m / s, only very slightly higher than the results obtained from measurements conducted before the run when the test section was dry. This provides a validation of the method. The sound speed measured with the same method in air was about 350 m / s ͑labeled "in air"͒, and was similar to the results obtained right after the run is stopped while there is a water layer in the test section ͑labeled "with water layer"͒. After the test loop was stopped following a run and while the test section was still wet, sound speed is seen to decrease further and become very close to the sound speed in air ͑labeled "after end of run"͒. The higher sound speeds can be attributed to the presence of droplets and to high moisture level in the measurement environment. The high sound speed measured in the cavity, as also evident from the measurements in the side sampling cell and the vapor cell discussed below, is attributed to the fact that the cavity is full of water vapor and droplets. For measurements conducted inside a supercavity, the peak amplitudes of the signals received by the hydrophone, as seen in Fig.  13 , were about an order of magnitude lower than those of the signals when the measurements were conducted when there was no cavity or when the cavity was open to the atmosphere. Therefore, the cavity contents significantly attenuate the acoustic signals.
Side Sampling Cell
Due to the nature of the turbulent environment inside the cavity, it was not easy to conduct direct measurements of the physical properties of the cavity contents. In order to overcome these difficulties, we took advantage of the fact that the pressure in the cavity is very low and attached a secondary cell to the test section of the main test facility. As shown in Fig. 14 , the main test section was flipped over 90 deg and made horizontal and the side sampling cell was added and positioned vertically above the test section. The two cells were connected by a 1.9 cm ͑0.75 in.͒ diameter opening. Once a supercavity formed behind the projectile, the resulting low pressure in the cavity sucked out any liquid or gas in the side sampling cell which then filled with the contents of the supercavity. The geometrical location of the sample cell is such that the perturbations in the supercavity did not propagate inside the side sampling cell, and we could therefore always operate in this cell in a clean and quiet environment and obtain quality measurements, even when reentrant jet were impacting the projectile head or when we ventilated the supercavity.
Sound propagation experiments were then conducted in the side sampling cell for both natural and ventilated cavities, the distance between the electrodes of the spark generator and the hydrophone is the same as that used in the test section. While tests for ventilated cavities were impossible directly in the supercavity, they were easily conducted in the side sampling cell. The cavity pressure increased with the increase in air ventilation. The pressure in the cavity was therefore used as an indication of the amount of As we can see, the variations in the sound speed measurement are much less than those in the attenuation measurement, this is due to the larger error in the spark energy repeatability. As shown in Fig. 15 , the sound speed measured is seen to decrease when the cavity pressure increases and thus when air is added to the ventilated cavity. From about 440 m / s, when no air was injected where the supercavity pressure stabilized at about 4000 Pa, it decreased to about 350 m / s when the injected amount of air was such that the pressure in the ventilated cavity became close to the atmospheric pressure. The trend is very clear and is as expected. Concerning the amplitudes, despite the scatter in the data, there is a trend for the peak amplitude of the received signal to increase with increasing air and pressure in the cavity. In other words attenuation of the signal by the contents of the cavity decreased when the contents of the cavity had a larger portion of air. Since the sound speed is affected little by pressure, this presents further indication that the presence of vapor and droplets in the cavity is a strong attenuator to sound propagation in the supercavity.
Vapor Cell Tests
In order to interpret better the measurements conducted in the cavity and in the side sampling cell discussed above, we also conducted parallel measurements in a vapor cell where the air and vapor contents as well as the pressure were controlled to determine the air/vapor mixture proportions. Figure 17 sketches the operation of this cell. Vapor was generated by heating water and was injected in the vapor cell. Similarly ambient air was injected in the cell in a controlled fashion using metering valves. Once the saturated vapor entered the vapor cell, it condensed and produced droplets. By adjusting the amount of vapor and air into the cell, we could obtain an environment in equilibrium that has the desired composition of vapor, air, and droplets to simulate the contents of a supercavity.
Systematic measurements were also conducted in the vapor cell with and without air injection. When the cell was only filled with vapor ͑i.e., the air valve was closed͒, the temperature in the vapor cell stabilized at about 47°C ͑116°F͒ and the pressure equilibrated at about 9900 Pa. The measured temperature and pressure in the vapor cell then matched those of saturated vapor ͓16͔. A steady vapor flow rate was maintained through the vapor cell with an incoming vapor flow rate of about 7600 cm 3 / min and an outgoing vapor flow rate of about 1000 cm 3 / min, the difference resulting from vapor condensation in the vapor cell. The corresponding water condensation rate was thus about 0.55 g / min. Therefore, the contents of the vapor cell consisted of a mixture of saturated water vapor and droplets. By varying the amount of air fed, a desired pressure in the vapor cell could be achieved. This provided us with a simulated environment of a ventilated cavity. Figure 18 shows the results of sound speed measurements. The trend is similar to that measured in the side sampling cell, i.e., the sound speed decreases from about 460 m / s in pure vapor to about 350 m / s in presence of air injection at a pressure close to the atmospheric pressure ͑this is also close to the sound speed in air at atmospheric pressure͒. Figure 19 shows the corresponding peak amplitudes of the received signals. Again, the sound attenuation decreases with the reduction of the proportion of vapor in the mixture. Compared with those measured in the side sampling cell in Fig. 16 , both shows the trend of decreased attenuation with increased pressure, however, the pattern of change are different, and the data scattering is much less and the attenuation is stronger in the vapor cell.
Both Figs. 18 and 19 include two datasets that were obtained from experiments conducted at two different dates. As before the sound speed measurements are much less scattered than the attenuation measurements. The two datasets show different attenuation slopes, which is again attributable to poor repeatability of the acoustic energy in the generated spark.
Since the cavity content is a mixture of vapor, air, and water droplets, a comparison of the sound speeds measured in different setups to the theoretical sound speed values in ideal environments of saturated vapor and air can provide some insight into the cavity content. Figure 20 compares the measured variations of sound speed with pressure obtained with the various methods described above, with the theoretical values for vapor and air. The figure thus includes the sound speed obtained theoretically at various pressures in air ͓16͔, in saturated water vapor ͓17,18͔, and in wet air at 304 K ͑86°F͒ ͓19͔, and sound speed obtained experimentally in the supercavity, in the side sampling cell, and in the vapor cell. As seen in Fig. 20 , for a supercavity without ventilation, the sound speed measured in the side sampling cell was very close to the sound speed in saturated water vapor. This indicates that the content of the supercavity as measured in the side sampling cell were principally saturated vapor. However, compared to the sound speed measured directly inside the supercavity, the sound speed measured in the side sampling cell is about 40-60 m / s ͑8-12%͒ lower. The reason for this difference can be attributed to the fact that in addition to saturated water vapor, there are fine water droplets scattered inside the cavity. The presence of droplets, which are not present in the quiet side sampling cell, increases the sound speed in the real supercavity. Although connected to the cavity, the passage from the cavity to the sampling cell may have partially blocked the entry of droplets to the sampling cell, which resulted in fewer droplets in the sampling cell.
As also shown in Fig. 20 , the sound speed in the vapor cell without air ventilation is higher than the corresponding sound speed in saturated vapor; this can be attributed again to the presence of fine water droplets in the saturated vapor in the vapor cell due to condensation. The sound speed in the vapor cell was still lower than the sound speed directly measured in a natural cavity; therefore, the droplet concentration due to condensation in the vapor cell is less than that in the cavity.
For measurements at the higher pressures in the side sampling cell and in the vapor cell, high air ventilation was directed into the cavity. Measurements in both the side sampling cell and in the vapor cell with air ventilation show similar trends as those of wet air. The sound speed is shown to decrease as the air ventilation increases. Due to the injection of air into the cavity, the vapor droplets condensate and the gas content inside the cavity changes from mainly water vapor to a mixture of air and less and less water vapor and droplets. The larger the air injection rate, the lower was the measured sound speed until it became close to the sound speed in air when the pressure reached the atmospheric pressure. 
Conclusion
In this study, a supercavitation facility that allowed direct observations of supercavitation behind a simulated projectile head and enabled measurement of the properties of the fluid inside the supercavity was built and used to study the properties of the supercavity contents. This was achieved by utilizing transparent walls cutting through the cavity, and placing inside the cavity various instruments.
To overcome difficulties associated with the presence of unsteady reentrant jets which affected the instrumentation, a side sampling cell technique was developed. The side sampling cell was connected to the supercavity and was made to fill up with the supercavity content during the test. Sound measurements in this side sampling cell enabled repeatable collection of high signal to noise ratio data for both natural and ventilated cavities at various levels of ventilation. In order to be able to interpret the sound speed and attenuation measurements, calibration measurements were conducted in parallel in a vapor cell which enabled measurements in an environment where the amounts of vapor and gas were controlled.
Experiments have shown that the cavity/water interface or shear layer in the simulated conditions was strongly affected by the simulated projectile head shape and air ventilation. A projectile head with a sharp edge produces much less disturbance on the cavity interface than a projectile with a sloped transition. Sound speed and pressure attenuation measurements in a natural supercavity indicate very strongly that the cavity is full of water vapor and droplets which results in sound speeds as high as 440 m / s and in very strong shock attenuation. The sound speed and attenuation further increase in the presence of strong recurring reentrant jets, which saturate the cavity with droplets. Injection of air appears to reduce the effect of the vapor presence and significantly drops the sound speed in the cavity, while improving shock transmission.
In this study the sound speed was not studied as a function of the acoustic wave frequency and the values provided correspond actually to the fastest moving acoustic wave in the frequency rich source provided by a spark. Further study is therefore still needed to better characterize the cavity content in terms of droplet sizes and temperature effects. 
